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METHOD FOR MANUFACTURING A 
SEMICONDUCTOR THIN FILM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for manufactur 

ing a silicon semiconductor thin ?lm having crystallinity 
Which is formed on a substrate having an insulating surface 
such as a glass substrate. 

2. Description of the Related Art 
In recent years, attention has been paid to a technique by 

Which a thin-?lm transistor is formed using a silicon thin ?lm 
formed on a glass substrate. The thin-?lm transistor of this 
type is mainly used for an active matrix liquid-crystal electro 
optical device, and other thin-?lm integrated circuits. The 
liquid-crystal electro-optical device is designed such that liq 
uid crystal is sealingly interposed betWeen a pair of glass 
substrates, and an electric ?eld is applied to the liquid crystal, 
to thereby change the optical characteristic of the liquid crys 
tal, thus conducting image display. 

In particular, the active matrix liquid-crystal display unit 
using the thin-?lm transistors is characterized by arranging 
the thin-?lm transistors as sWitches for the respective pixels, 
and controlling charges held by pixel electrodes. The active 
matrix liquid display unit is used for the display of a variety of 
electronic equipments (for example, a portable Word proces 
sor or a portable computer) because it can display a ?ne image 
at a high speed. 
An amorphous silicon thin ?lm is generally employed for 

the thin-?lm transistor used in the active matrix liquid-crystal 
display unit. 

HoWever, the thin-?lm transistor using the amorphous sili 
con thin ?lm suffers from problems stated below. 

(1) A higher-quality image display cannot be conducted 
because the characteristic is loW. 

(2) A peripheral circuit for driving the thin-?lm transistor 
disposed in a pixel cannot be constituted. 

The above problem (2) can be classi?ed into tWo problems 
one of Which is that a CMOS circuit cannot be constituted, 
since a p-channel type thin-?lm transistor is not put into 
practical use for the thin-?lm transistor using the amorphous 
silicon thin ?lm, and the other is that the peripheral drive 
circuit cannot be constituted, since the thin-?lm transistor 
using the amorphous silicon thin ?lm cannot conduct high 
speed operation and also does not alloW a large current to How 
therein. 
As a method for solving those problems, there is a tech 

nique by Which a thin-?lm transistor is formed using a crys 
talline silicon thin ?lm. As methods for obtaining the crystal 
line silicon thin ?lm, there are a method for subjecting the 
amorphous silicon ?lm to a heat treatment, and a method for 
irradiating a laser light onto the amorphous silicon ?lm. 

The method for crystallizing the amorphous silicon ?lm 
through the heat treatment generally suffers from problems 
stated beloW. In order to form the thin-?lm transistor used in 
the liquid-crystal electro-optical device, the thin-?lm transis 
tor is usually required to be formed on a translucent substrate. 
The translucent substrate may be formed of a quartz substrate 
or a glass substrate. HoWever, the quartz substrate is expen 
sive and therefore cannot be used in the liquid-crystal electro 
optical device Which suffers from such a technical problem 
that the costs must be decreased. Hence, although the glass 
substrate is generally used, it suffers from such a problem that 
its heat resistant temperature is loW. 

It has been proved from the experiment that a temperature 
of 600° C. or higher is required to crystallize the amorphous 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
silicon ?lm by heating, and also it has been proved from the 
experiment that several tens hours are required as a heating 
period. Such a high-temperature and long-period heating can 
not be conducted on a large-area glass substrate. 

Also, there has been knoWn a technique in Which the amor 
phous silicon ?lm is crystallized by the irradiation of a laser 
light. HoWever, it is dif?cult to uniformly irradiate a laser 
light over a large area of the ?lm, or to irradiate a laser light 
While maintaining a given irradiation poWer as a real problem. 

SUMMARY OF THE INVENTION 

The present invention has been made to eliminate the above 
problems, and therefore an object of the present invention is 
to provide a method for manufacturing a semiconductor thin 
?lm, Which uses the catalytic action of a metal element and 
manufactures a crystalline silicon ?lm excellent in character 
istics. 

In order to solve the above problem, the present invention 
has been achieved by the provision of a method for manufac 
turing a semiconductor thin ?lm, comprising the steps of: 

introducing metal elements into an amorphous silicon ?lm; 
crystallizing said amorphous silicon ?lm to obtain a crys 

talline silicon ?lm; 
forming a protective ?lm on said crystalline silicon ?lm; 
forming an amorphous silicon ?lm containing impurities 

therein on said protective ?lm; 
diffusing said metal elements in said amorphous silicon 

?lm containing the impurities therein; and 
removing said amorphous silicon ?lm containing the 

impurities therein With said protective ?lm as an etching 
stopper. 

In the above method, the amorphous silicon ?lm to be 
crystallized may be formed of a ?lm Which is formed on a 
glass substrate or a glass substrate on Which an insulating ?lm 
is formed through a plasma CVD method or a loW pressure 
thermal CVD method. 

Also, the metal element may be one kind of element or 
plural kinds of elements selected from Fe, Co, Ni, Ru, Rh, Pd, 
Os, Ir, Pt, Cu and Au. Those metal elements have the catalytic 
action that promotes the crystallization of silicon, and Nickel 
(Ni) has the particular catalytic action among those metal 
elements. 
A method for introducing the above metal elements may be 

a method for forming a layer made of the above-mentioned 
metal or a layer containing the metal therein on the surface of 
the amorphous silicon ?lm. Speci?cally, there are methods 
for forming a metal-element layer or a layer containing the 
metal elements therein through the CVD method, the sputter 
ing method, the vapor deposition method or the like, and a 
method for coating solution containing the metal elements 
therein on the amorphous silicon ?lm. 

HoWever, in case of using the CVD method, the sputtering 
method, the vapor deposition method or the like, since it is 
dif?cult to form a very-thin uniform ?lm, the metal elements 
non-uniformly exist on the amorphous silicon ?lm, Which 
leads to such a problem that the metal elements are liable to 
locally exist at the time of crystal groWth. On the other hand, 
the method of using the solution is very preferable, since the 
concentration of the metal elements can be readily controlled, 
and the metal elements can be held in uniform contact With 
the surface of the amorphous silicon ?lm. 

In order to crystallize the amorphous silicon ?lm into 
Which the metal elements that promote the crystallization of 
silicon are introduced, heating may be conducted at a tem 
perature of 4500 C. or higher. The upper limit of the heating 
temperature is limited by the heat resistant temperature of the 



US 7,553,716 B2 
3 

glass substrate used as a substrate. In case of the glass sub 
strate, the heat resistant temperature can be regarded as a 
strain point of glass. For example, because a Coming 1737 
glass substrate is 667° C. in strain point, the heating tempera 
ture can be set to about 6200 C., and it is proper from the 
vieWpoints of the heat resistance or the productivity of the 
glass substrate. 

Also, in case of using material that Withstands even a 
temperature of l,000° C. or higher such as a quartz substrate 
as a substrate, the heating temperature can be increased in 
accordance With its heat resistant temperature. In addition, 
the higher the heating temperature is, the more excellent 
crystallinity can be obtained for the ?lm. 

In the above constitution, the step of forming the protective 
?lm may be a step of forming a silicon oxide ?lm, silicon 
nitride ?lm, and a silicon oxynitride ?lm through the plasma 
CVD method. Alternatively, there can be applied a step of 
oxidiZing the surface of the crystalline silicon ?lm by the 
irradiation of UV rays, heating or the like in the air. 

The protective ?lm is adapted to function as an etching 
stopper and may be a ?lm by Which selectivity can be 
obtained When etching the silicon ?lm. Also, the thickness of 
the protective ?lm may be about several tens to 100 A. The 
reason Why the protective ?lm is thus thinned is that the metal 
elements need to be movable from the crystalline silicon ?lm 
through the protective ?lm. 

Furthermore, in the above constitution, the amorphous sili 
con ?lm containing the impurities therein is adapted to func 
tion as a ?lm for diffusing the metal elements and may be an 
amorphous silicon ?lm Which is formed through the general 
CVD method. For example, there can be used an amorphous 
silicon ?lm Which is obtained, for example, through a method 
identical With a method for forming the amorphous silicon 
?lm Which is a start ?lm of the crystalline silicon ?lm Which 
has been crystalliZed by heating. 

Also, the impurities contained in the amorphous silicon 
?lm are at least one kind of element selected from oxygen, 
carbon and nitrogen. For example, in the amorphous silicon 
?lm, the concentration of impurities is set to 1x 1 019 to l><l021 
atoms cm-3 When the impurities are oxygen, and to l><l0l7 to 
l><l02O atoms cm“3 When the impurities are carbon or nitro 
gen. 

Because the silicon ?lm containing the impurities therein is 
amorphous in quality (for example, having a large number of 
dangling bonds, defects and so on), the ?lm per se has an 
effect of gettering the metal elements such as nickel. HoW 
ever, in the present invention, impurities are alloWed to be 
contained in the silicon ?lm so that the amorphous silicon ?lm 
has more elements of gettering the metal elements. The ele 
ments of this type may be impurities, defects caused by bind 
ing of Si and the impurities, oxygen betWeen the silicon 
binding, and so on. 
An increase of the concentration of the impurities higher 

than the metal elements in the crystalline silicon ?lm is effec 
tive in capturing more metal elements in the silicon ?lm. 
Furthermore, it is effective that the amorphous silicon ?lm is 
made thicker than the thickness of the crystalline silicon ?lm. 
This is because the volume ratio of the amorphous silicon ?lm 
to the crystalline silicon ?lm can be increased as the silicon 
?lm is thick. Also, that the impurities such as oxygen are 
contained With high density in the amorphous silicon ?lm 
enables more defects to be contained in the ?lm When the 
silicon ?lm is crystalliZed by heating, With the result that the 
above metal element can be gettered in the periphery of those 
defects. 

Moreover, as a ?lm by Which the metal elements are dif 
fused, an amorphous SixGelqC ?lm (0<x<l) containing the 
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4 
above impurities therein can be used. In order to obtain amor 
phous SixGeHC ?lm, it may be formed through the plasma 
CVD method using silane (SiH4) and german (GeH4) as raW 
gas. 

In the above method, the step of diffusing (draWing in) the 
metal elements in the silicon ?lm containing the impurities 
therein can be conducted by a heat treatment. The metal 
elements are diffused in the silicon ?lm containing the impu 
rity elements therein by heating. As a result, because, in fact, 
the silicon ?lm enables the metal elements in the crystalline 
silicon ?lm to be draWn out, a crystalline silicon ?lm Which is 
loW in the concentration of the metal elements and excellent 
in crystallinity can be obtained. 

For example, if the silicon ?lm containing the impurities 
therein has substantially the same thickness as that of the 
crystalline silicon ?lm, the concentration of the metal ele 
ments in the crystalline silicon ?lm can be set to 1/2 or less in 
average by heating. 

It should be noted that because the above heat treating step 
is conducted to diffuse the metal elements outside the crys 
talline silicon ?lm, the loWer limit of the heating temperature 
is de?ned by a temperature at Which the metal elements can be 
diffused. Since the effect of reducing the concentration of the 
metal elements in the crystalline silicon ?lm is more 
enhanced as the heating temperature is high, it is preferable 
that heating is conducted at a temperature as high as possible. 
Hence, from the vieWpoint of forming the crystalline silicon 
?lm on the substrate, the upper limit of the heating tempera 
ture is de?ned by the strain point or loWer of the substrate. 

It should be noted that the strain point of the substrate is a 
criterion for setting the heating temperature, and the heating 
temperature needs to be set to a temperature at Which the 
deformation or the strain of the substrate is permissible. For 
example, as represented by RTP, heating can be conducted at 
a temperature higher than the strain point or higher of the 
substrate if it is a short-period of high-temperature heat treat 
ment. Furthermore, the temperature and period of time nec 
essary for the heat treatment depend on the pattern of the ?lm 
to be processed, the rule of a design and so on. Hence, the heat 
treatment may be conducted at 550 to l,050° C. for about 
several minutes to 10 hours With the above conditions being 
satis?ed. 

There is a case in Which When the heating temperature is set 
as high as possible as described above, the silicon ?lm con 
taining the impurities therein is crystalliZed due to the cata 
lytic action of the metal elements Which are diffused from the 
crystalline silicon ?lm With the result that the silicon ?lm is 
formed into a crystalline silicon ?lm. Similarly, in this case, 
even though silicon containing the impurities therein is crys 
talliZed as described above, a large number of defects are 
formed inside of silicon and act as the selective gettering sink. 

Because the crystalliZing step is progressed While the metal 
elements are diffused, crystal groWth is progressed from the 
surface of the crystalline silicon ?lm toWard the silicon ?lm 
containing the impurities therein. Because the metal elements 
such as nickel have a tendency to concentrate on the tip 
portion of the crystal groWth, even though the crystal groWth 
is progressed, the concentration of the nickel elements in the 
crystalline silicon ?lm can be reduced, and in addition, a 
region in Which the nickel elements are segregated can be 
eliminated. 

It should be noted that because the impurities are contained 
in the silicon ?lm Which alloWs the metal elements to be 
diffused, even though the silicon ?lm is brought into crystal 
linity, tWo silicon ?lms can be made different in quality from 
each other through the protective ?lm. 
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Further, in the present invention, even though the step of 
diffusing the metal elements in the amorphous silicon ?lm 
containing the impurities therein is conducted at a tempera 
ture at Which the amorphous silicon ?lm containing the impu 
rities therein is not crystallized, its effect can be suf?ciently 
obtained. 

This is because the impurities such as oxygen are contained 
at a high concentration in the amorphous silicon ?lm, heating 
restrains the amorphous silicon ?lm from being crystallized, 
and the metal elements can be diffused even at a temperature 
at Which the amorphous silicon ?lm is not crystallized. 

Further, the heat treatment is conducted for a long period of 
time at a temperature at Which the amorphous silicon ?lm 
containing the impurities therein is not crystallized, thereby 
being capable of more reducing the concentration of the metal 
in the crystalline silicon ?lm although it is gradual. This 
action is a remarkable characteristic Which cannot be found in 
the case Where the amorphous silicon ?lm is crystallized. 

Further, because the amorphous silicon ?lm containing the 
impurities therein is not alloWed to be crystallized so that the 
amorphous silicon ?lm into Which the metal elements have 
been diffused and the crystallized silicon ?lm are different in 
crystallinity from each other, there can be obtained such an 
effect that the step of forming the protective ?lm that func 
tions as an etching stopper can be omitted. 

The removal of the silicon ?lm containing the impurities 
therein on the protective ?lm may be achieved by the appli 
cation of the Wet etching method or the dry etching method. In 
this situation, since the protective ?lm functions as the etch 
ing stopper, the silicon ?lm on the protective ?lm into Which 
the metal elements are diffused can be readily selectively 
etched. 

In other Words, in the above method, With the formation of 
the protective ?lm that functions as the etching stopper on the 
crystalline silicon ?lm, the silicon ?lm on the protective ?lm 
in Which the metal elements exist With a high density can be 
surely and selectively removed regardless of Whether the 
silicon ?lm on the protective ?lm is crystallized, or not, in the 
step of diffusing the metal elements. 

Hence, in the present invention, in case of forming the 
protective ?lm, the heating temperature in the step of diffus 
ing the metal elements may be set to a temperature at Which 
the concentration of the nickel elements in the crystalline 
silicon ?lm can be reduced to a desired value, regardless of 
Whether the silicon ?lm containing the impurities therein is 
crystallized, or not. 

In particular, in the case Where the silicon ?lm containing 
the impurities therein is not crystallized in the step of diffus 
ing the metal elements, the step of forming the protective ?lm 
that functions as the etching stopper on the crystalline silicon 
?lm can be omitted. 

Furthermore, in the above method, When halogen elements 
are contained in the atmosphere in the heating step of diffus 
ing the metal elements, the gettering effect is more improved. 
As a method for introducing the halogen elements, one 

kind orplural kinds of gases selected from HCl, HF, HBr, C12, 
F 2 and Br2 may be used. In general, hydride of halo gen may be 
used. 

Since halogen reacts With nickel to form vaporizable halide 
of metal elements by heating the silicon ?lm in the atmo 
sphere containing halogen elements therein, the action of 
removing nickel from the crystalline silicon ?lm is more 
promoted. Similarly, halide of the metal elements is formed 
on the crystalline silicon ?lm, thereby being capable of mak 
ing the metal elements in an electrically inactive state. With 
the introduction of halo gen elements, the concentration of the 
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metal elements can be set to 1/10 or less at the maximum in 
comparison With a case in Which no halogen element is intro 
duced in the heat treatment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of the present 
invention Will be more apparent from the folloWing descrip 
tion taken in conjunction With the accompanying draWings. 

FIGS. 1A to ID are diagrams shoWing a process of manu 
facturing a crystalline silicon ?lm in accordance With a ?rst 
embodiment of the present invention; 

FIGS. 2A to 2D are diagrams shoWing a process of manu 
facturing a crystalline silicon ?lm in accordance With a sec 
ond embodiment of the present invention; 

FIGS. 3A to 3E are diagrams shoWing a process of manu 
facturing a crystalline silicon ?lm in accordance With a third 
embodiment of the present invention; 

FIGS. 4A to 4D are diagrams shoWing a process of manu 
facturing a thin-?lm transistor in accordance With a fourth 
embodiment of the present invention; 

FIGS. 5A to 5D are diagrams shoWing a process of manu 
facturing a crystalline silicon ?lm in accordance With a ?fth 
embodiment of the present invention; 

FIGS. 6A to 6E are diagrams shoWing a process of manu 
facturing a crystalline silicon ?lm in accordance With a sixth 
embodiment of the present invention; 

FIGS. 7A to 7C are diagrams shoWing a process of manu 
facturing a thin-?lm transistor in accordance With a seventh 
embodiment of the present invention; 

FIGS. 8A to 8C are diagrams shoWing a process of manu 
facturing a crystalline silicon ?lm in accordance With an 
eighth embodiment of the present invention; 

FIGS. 9A to 9C are diagrams shoWing a process of manu 
facturing a crystalline silicon ?lm in accordance With a ninth 
embodiment of the present invention; 

FIGS. 10A to 10E are diagrams shoWing a process of 
manufacturing a crystalline silicon ?lm in accordance With a 
tenth embodiment of the present invention; and 

FIG. 11 is a graph shoWing the distribution of the concen 
tration of nickel elements. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

NoW, a description Will be given in more detail of preferred 
embodiments of the present invention With reference to the 
accompanying draWings. 

First, a speci?c example of one embodiment according to 
the present invention Will be described With reference to FIG. 
1. In the example shoWn in FIG. 1, metal elements are dif 
fused at a temperature Where an amorphous silicon ?lm con 
taining impurities therein is not alloWed to be crystallized. 
A crystalline silicon ?lm 105 is formed on a glass substrate 

101 using nickel Which is metal elements that promote the 
crystallization of silicon. The crystallization is conducted 
through a heat treatment. It should be noted that a silicon 
oxide ?lm 102 is formed as an underlayer ?lm on the surface 
ofthe glass substrate 101 (FIG. 1B). 

Then, as shoWn in FIG. 1C, an amorphous silicon ?lm 107, 
for example, containing oxygen therein is formed as a ?lm to 
Which the metal elements are diffused, and then subjected to 
a heat treatment. The heat treatment is conducted at a tem 
perature Where the amorphous silicon ?lm is prevented from 
being crystallized, and its heating time may be set to about 5 
minutes to 10 hours. With this process, the metal elements in 
the crystalline silicon ?lm 105 are gradually diffused (draWn 
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in) in the amorphous silicon ?lm 107. Hence, With the heat 
treatment for a long period of time, the concentration of the 
metal elements in the crystalline silicon ?lm 105 can be 
reduced although it is gradual. 

This action is caused because the amorphous silicon ?lm 
107 contains oxygen as impurities, and therefore silicon 
atoms exist in a state Where they are liable to be bonded to the 
metal elements (a large number of dangling bondings exist). 

Subsequently, With the removal of the amorphous silicon 
?lm 107, a crystalline silicon ?lm 108 can be obtained Which 
has the concentration of the metal elements in the crystalline 
silicon ?lm 105 Which is loWer than the concentration of the 
metal elements in the amorphous silicon ?lm 107 (FIG. 1D). 

Further, a speci?c example of another embodiment accord 
ing to the present invention Will be described With reference to 
FIG. 3. In the example shoWn in FIG. 3, metal elements are 
diffused at a temperature Where an amorphous silicon ?lm 
containing impurities therein is crystallized. 
As shoWn in FIG. 3B, a crystalline silicon ?lm 305 is 

formed on a glass substrate 301 using nickel Which is a metal 
element that promotes the crystallization of silicon. The crys 
tallization is conducted through a heat treatment. It should be 
noted that a silicon oxide ?lm 302 is formed as an under ?lm 
on the surface of the glass substrate 301. 

Then, as shoWn in FIG. 3C, the surface of the crystalline 
silicon ?lm 305 is oxidized to form a silicon oxide ?lm 306, 
and in addition, an amorphous silicon ?lm 307, for example, 
containing oxygen therein is formed as a ?lm to Which the 
metal elements are diffused. 
As shoWn in FIG. 3D, the ?lms thus formed are subjected 

to a heat treatment. The heating temperature is set to a tem 
perature of about 550 to 1,0500 C., and its heating time may 
be set to about 5 minutes to 10 hours. With this process, the 
metal elements in the crystalline silicon ?lm 305 are gradu 
ally diffused into the amorphous silicon ?lm 307, and the 
amorphous silicon ?lm 307 is crystallized. Because a crys 
tallized silicon ?lm 308 contains oxygen as impurities, a large 
number of defects are formed inside thereof and act as a 
gettering sink. 

Subsequently, as shoWn in FIG. 3E, the silicon oxide ?lm 
306 and the amorphous silicon ?lm 307 are sequentially 
removed, thereby being capable of obtaining a crystalline 
silicon ?lm 309 having the concentration of the metal ele 
ments in the crystalline silicon ?lm 305 Which is smaller than 
the concentration of the metal elements in the amorphous 
silicon ?lm 307. 

Since the process of manufacturing the crystalline semi 
conductor thin ?lm shoWn in FIGS. 1 and 3 can be conducted 
at a temperature Which can be Withstood by the glass sub 
strate, it is signi?cantly useful in a process of manufacturing 
a thin-?lm transistor formed on a glass substrate, for example, 
as in a liquid-crystal electro-optical device. 

First Embodiment 

A ?rst embodiment relates to a technique by Which an 
amorphous silicon ?lm is formed on a glass substrate, a metal 
?lm that promotes the crystallization of silicon is introduced 
into the amorphous silicon ?lm, the amorphous silicon ?lm is 
crystallized by heating, an amorphous silicon ?lm is further 
formed on the silicon ?lm thus crystallized (crystalline sili 
con ?lm), and thereafter the amorphous silicon ?lm is again 
subjected to a heat treatment, to thereby diffuse nickel ele 
ments into the amorphous silicon ?lm from the crystalline 
silicon ?lm (the nickel elements are draWn in the amorphous 
silicon ?lm), With the result that the concentration of the 
nickel elements in the crystalline silicon ?lm is reduced. 
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FIG. 1 shoWs a process of manufacturing a crystalline 

silicon ?lm according to this embodiment. First, an under 
layer ?lm 102 is formed on a Corning 1737 glass substrate 
101 (a strain point 6670 C.). The underlayer ?lm 102 is 
disposed to prevent impurities or alkali ions from being dif 
fused from the glass substrate 101 into a semiconductor thin 
?lm Which Will be formed later. 

Hence, although a silicon nitride ?lm is optimum as the 
underlayer ?lm 102 in order to obtain the above function at 
the largest, since the ?lm may be separated from the glass 
substrate 101 in cooperation With a stress, it is not practical. 
Also, although a silicon oxide ?lm can be used as the under 
layer ?lm 102, the silicon oxide ?lm is insuf?cient to obtain a 
barrier effect to the impurities. For those reasons, in the 
present invention, a silicon oxynitride ?lm is formed as the 
underlayer ?lm 102. The formation of the silicon oxynitride 
?lm as the underlayer ?lm 102 may be conducted by the 
application of the plasma CVD method. As raW gases, silane, 
02 gas and NZO gas are used. Alternatively, TEOS gas and 
NZO gas are used. 

In addition, it is signi?cant to make the hardness of the 
underlayer ?lm 102 as high as possible. This is because it has 
been proved, according to the endurance test of the thin-?lm 
transistor Which has been ?nally obtained, that the reliability 
is more excellent as the underlayer ?lm 102 is hard, that is, as 
the etching rate is small, and this suggests that the hardness of 
the under layer 102 contributes to the prevention of entrance 
of the impurities from the glass substrate 101. 

Subsequently, an amorphous silicon ?lm 103 is formed in 
thickness of 600 A through the plasma CVD method and the 
loW pressure thermal CVD method. The amorphous silicon 
?lm 103 Will be crystallized later. It should be noted that the 
reason Why the loW pressure thermal CVD method is applied 
is that the quality of the crystalline silicon ?lm as obtained is 
excellent. As another ?lm forming method, the plasma CVD 
method may be applied. It should be noted that it is signi?cant 
to prevent the impurities from being mixed in the amorphous 
silicon ?lm 103 at the time of ?lm formation. 

Further, it is preferable to set the thickness of the amor 
phous silicon ?lm 103 to 2,000 A or less. The thickness of 
2000 A or more makes it dif?cult to remove the metal ele 
ments from the silicon ?lm. Moreover, the loWer limit of the 
thickness of the amorphous silicon ?lm 103 depends on the 
?lm forming method by Which hoW thin the ?lm can be 
formed. Accordingly, the loWer limit of the thickness is gen 
erally about 100 A, and practically about 200 A. 

After the amorphous silicon ?lm 103 has been formed, a 
nickel acetate solution adjusted to a predetermined concen 
tration of nickel drops on the amorphous silicon ?lm 103 to 
form a Water ?lm 104. Then, spin coating is conducted using 
a spinner 100 so that the nickel elements are held in contact 
With the surface of the amorphous silicon ?lm 103 (FIG. 1A). 

Taking residual impurities in a subsequent heating process 
into consideration, it is preferable that nickel nitrate is used 
instead of nickel acetate solution. This is because nickel 
acetate solution contains carbon Which may be carbonated in 
the subsequent heating process and remain in the ?lm. 

Subsequently, a heat treatment is conducted on the amor 
phous silicon ?lm 103 at a temperature of 450 to 650° C. to 
crystalize the amorphous silicon ?lm 103, thus obtaining a 
crystalline silicon ?lm 105. In this embodiment, the heat 
treatment is conducted in the nitrogen atmosphere containing 
hydrogen 3% at 620° C. for 4 hours. The crystal groWth is 
disorderly progressed in a direction substantially vertical to 
the substrate toWard the underlayer ?lm 102 from the surface 
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of the amorphous silicon ?lm 103. In this speci?cation, the 
crystal growth of this type is called “vertical groWt ” (FIG. 
1B). 
The loWer limit of the heat treating temperature is prefer 

ably set to 4500 C. or higher from the vieWpoints of its effect 
and reproducibility. The upper limit of the heat treating tem 
perature is preferably set to the strain point or loWer of the 
glass substrate to be used. In this example, since the Coming 
1737 glass substrate having its strain point of 6670 C. is used, 
the upper limit is set to 650° C. With some margin. 

For example, if a quartz substrate is used as the substrate, 
the heating temperature can be elevated up to about 900° C. In 
this case, a crystalline silicon ?lm having higher crystallinity 
can be obtained. Also, the crystalline silicon ?lm can be 
obtained in a shorter period of time. 

Further, the concentration of nickel in the crystalline sili 
con ?lm 105 needs to be set to 1><10l6 to 5><10l9 atoms cm_3. 
For that reason, the concentration of nickel in the nickel 
acetate solution needs to be adjusted in the step of FIG. 1A so 
that the concentration of nickel in the crystalline silicon ?lm 
105 as obtained falls Within the above range to a possible 
extent. It should be noted that the concentration of nickel is 
de?ned as the minimum value of values measured through 
SIMS (secondary ion mass spectroscopy). 

After the crystalline silicon ?lm 105 has been obtained, the 
amorphous silicon ?lm 107 containing oxygen as impurities 
is formed in thickness of 600 A through the plasma CVD 
method or the loW pres sure thermal CVD method. As a result, 
since the amorphous silicon ?lm 107 contains oxygen as 
impurities in addition to defects or the like caused by the ?lm 
quality of amorphous, it has the defects caused by oxide 
represented by oxygen or SiOx, oxygen betWeen silicon 
bonding, or the like. Therefore, it is liable to getter nickel by 
virtue of the ?lm quality thereof. 

FIG. 11 shoWs the results of measuring through SIMS the 
distribution of concentration of nickel elements in a state 
Where the amorphous silicon ?lm 107 is formed. As shoWn in 
FIG. 11, the concentration of nickel elements Was about 
5><10l8 atoms cm'3 at the maximum in the crystalline silicon 
?lm 105, and Was loWer than a measurement limit (1><10l7 
atoms cm_3) of SIMS in the amorphous silicon ?lm 107. 

In this embodiment, in order to capture more nickel ele 
ments by the amorphous silicon ?lm 107, taking the concen 
tration of nickel elements in the crystalline silicon ?lm 105 
into consideration, the concentration of oxygen in the amor 
phous silicon ?lm 107 is set to 1><10l9 to 1><1021 atoms cm_3. 
Also, the reason Why the amorphous silicon ?lm 107 has 
oxygen contained With a high concentration is because the 
amorphous silicon ?lm is restrained from being crystallized 
by heating in a subsequent gettering process. 

After the formation of the amorphous silicon ?lm 107, a 
heat treatment is conducted With the result that the nickel 
elements in the crystalline silicon ?lm 105 are diffused in the 
amorphous silicon ?lm 107 so that the concentration of nickel 
elements in the crystalline silicon ?lm 105 can be loWered. 

This is because a large number of defects or the like caused 
by the ?lm quality of amorphous, and a large number of 
defects caused by oxide represented by oxygen or SiO,C exist 
as elements of gettering nickel in the amorphous silicon ?lm 
107. 
The above gettering effect can be more obtained as the 

heating temperature is high. The loWer limit of the heating 
temperature is de?ned by a temperature at Which nickel can 
be diffused, and the upper limit of the heating temperature is 
de?ned by a temperature at Which the amorphous silicon ?lm 
107 is not crystallized and the strain point or loWer of the 
substrate. In the actual process, the heat treatment may be 
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conducted at 550 to 1,050° C. With the above conditions being 
satis?ed. In this embodiment, the heat treatment is conducted 
at 600° C. for 4 hours. 
The amorphous silicon is caused to be crystallized at a 

temperature of about 4500 C. HoWever, in this embodiment, 
since the amorphous silicon ?lm 107 contains oxygen With a 
high concentration, for example, 1019 to 1021 atoms cm_3, 
oxygen prevents the amorphous silicon ?lm from being crys 
tallized, and even though the heat treatment is implemented 
Within the above range, the amorphous silicon ?lm 107 can be 
kept amorphous. Alternatively, the amorphous silicon ?lm 
107 is not completely crystallized. Hence, even after the heat 
treatment has been conducted, the crystalline silicon ?lm 105 
and the amorphous silicon ?lm 107 can be made different in 
quality from each other. 

Furthermore, With the application of the heat treatment for 
a long period of time, the concentration of nickel in the 
crystalline silicon ?lm 105 can be more loWered although it is 
gradual. This action is a remarkable characteristic Which can 
not be found in the case Where the amorphous silicon ?lm is 
crystallized. 

Subsequently, as shoWn in FIG. 1D, the amorphous silicon 
?lm 107 is removed by etching. A difference in crystal struc 
ture betWeen the amorphous silicon ?lm 107 and the crystal 
line silicon ?lm 105 enables only the amorphous silicon ?lm 
107 to be readily removed. In particular, as an etchant and 
etching gas, What is high in the etching select ratio of the 
amorphous silicon ?lm to the crystalline silicon ?lm is pref 
erably used. In this embodiment, as the etchant of the amor 
phous silicon ?lm 107, hydrazine (N 2H6) is used. This is 
because hydrazine is higher in etching rate of the amorphous 
silicon ?lm than the etching rate of the crystalline silicon ?lm. 
Through the above etching process, the crystalline silicon 

?lm 108 Which could loWer the content concentration of 
nickel elements is obtained. The concentration of nickel ele 
ments in the crystalline silicon ?lm 108 ?nally obtained can 
be more reduced as the thickness of the amorphous silicon 
?lm 107 that alloWs nickel to be diffused is thick. In other 
Words, the volume of the amorphous silicon ?lm 107 is 
increased in comparison With the volume of the crystalline 
silicon ?lm 105, thereby being capable of diffusing a larger 
amount of nickel in the amorphous silicon ?lm 107. 

In this embodiment, the crystalline silicon ?lm 105 is made 
identical in thickness With the amorphous silicon ?lm 107. 
According to the results of measuring the distribution of the 
concentration of nickel elements in the crystalline silicon ?lm 
108 through SIMS, the maximum value of the concentration 
Was 3><10l 8 atoms cm“3 . In other Words, after crystallization, 
as shoWn in FIG. 11, nickel ofabout 5><10l8 atoms cm-3 at the 
largest exists in the crystalline silicon ?lm 105, but the mean 
concentration of nickel elements in the crystalline silicon ?lm 
108 can be set to 1/2 or less by diffusing nickel elements in the 
amorphous silicon ?lm 107. 

In this embodiment, oxygen is contained as the impurities 
in the amorphous silicon ?lm 107, but even though carbon or 
nitrogen is contained therein instead of oxygen, the same 
effect can be obtained. In the amorphous silicon ?lm 107, for 
example, the concentration of carbon and nitrogen may be set 
to 1><10l9 to 1><102O atoms cm_3. Also, not only one kind of 
element but also plural kinds of elements selected from oxy 
gen, carbon and nitrogen may be contained in the amorphous 
silicon ?lm 107. 

Second Embodiment 

A second embodiment Which is a modi?ed example of the 
?rst embodiment is to form a protective ?lm that functions as 
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an etching stopper in removing an amorphous silicon ?lm for 
allowing metal elements such as nickel to be diffused. FIG. 2 
shoWs a process for manufacturing a crystalline silicon ?lm in 
accordance With the second embodiment. 
As shoWn in FIG. 2A, a silicon oxynitride ?lm is formed in 

thickness of 3,000 A on a glass substrate 201 (Corning 1737, 
a strain point 667° C.) as an underlayer ?lm 202 as in the ?rst 
embodiment. The underlayer ?lm 202 is disposed to prevent 
impurities or alkali ions from being diffused from the glass 
substrate 201 into a semiconductor thin ?lm Which Will be 
formed later. Then, an amorphous silicon ?lm 203 is formed 
in thickness of 600 A through the plasma CVD method or the 
loW pressure thermal CVD method. 

Thereafter, a nickel acetate solution adjusted to a predeter 
mined concentration of nickel drops on the amorphous silicon 
?lm 203 to form a Water ?lm 204. Then, spin coating is 
conducted using a spinner 200 so that the nickel elements are 
held in contact With the surface of the amorphous silicon ?lm 
203 (FIG. 2A). 

Subsequently, as shoWn in FIG. 2B, the heat treatment is 
conducted at 620° C. for 4 hours as in the ?rst embodiment, to 
thereby obtain a crystalline silicon ?lm 205. The crystal 
groWth is the vertical groWth Which is disorderly progressed 
in a direction substantially perpendicular to the substrate 
toWard the underlayer ?lm 202. 

After the crystalline silicon ?lm 205 has been obtained, a 
silicon oxide ?lm 206 is formed on the surface of the crystal 
line silicon ?lm 205. The thickness of the silicon oxide ?lm 
206 may be set to about several tens to 100 A. The reason Why 
the ?lm is thinned is because the nickel elements in the 
crystalline silicon ?lm 205 need to be movable through the 
silicon oxide ?lm 206. In this example, the very thin silicon 
oxide ?lm 206 is formed by the irradiation of UV rays in the 
air. It Was proved that even if the silicon oxide ?lm 206 is a 
very thin ?lm to such an extent as a natural oxide ?lm, it has 
the effect as the etching stopper in etching the amorphous 
silicon ?lm (indicated by reference numeral 207) Which Will 
be conducted later. 

In this example, the silicon oxide ?lm 206 is formed using 
the UV oxidiZing method, hoWever, the ?lm 206 may be 
formed through the heat oxidiZing method. Also, since the 
silicon oxide ?lm 206 functions as the etching stopper in a 
subsequent etching process, the ?lm 206 may be a ?lm Which 
can obtain the selectivity in etching the crystalline silicon ?lm 
205. For example, a very thin silicon nitride ?lm or silicon 
oxynitride ?lm may be used instead of the silicon oxide ?lm 
206. 

Then, an amorphous silicon ?lm 207 containing oxygen as 
impurities is formed in thickness of 600 A through the plasma 
CVD method or the loW pressure thermal CVD method. In 
this embodiment, the concentration of oxygen in the amor 
phous silicon ?lm 207 is set to l><l0l9 to l><l021 atoms cm_3. 
Also, carbon or nitrogen may be contained With the concen 
tration of about l><l0l7 to l><l02O atoms cm-3 instead of oxy 
gen. 

Subsequently, as shoWn in FIG. 2C, a heat treatment is 
conducted. As a result, the nickel elements in the crystalline 
silicon ?lm 205 are diffused in the amorphous silicon ?lm 207 
through the oxide ?lm 206, thereby being capable of loWering 
the concentration of nickel elements in the crystalline silicon 
?lm 205. In this embodiment, the heat treatment is conducted 
at a temperature of 600° C. for 4 hours as in the ?rst embodi 
ment. 

The amorphous silicon is alloWed to be crystalliZed at a 
temperature of about 450° C. HoWever, in this embodiment, 
since the amorphous silicon ?lm 207 contains oxygen With a 
high concentration, for example, 1019 to 1021 atoms cm_3, 
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12 
oxygen prevents the amorphous silicon ?lm from being crys 
talliZed, and even though the heat treatment is implemented 
Within the above range of temperature, the amorphous silicon 
?lm 207 can be kept amorphous. Alternatively, the amor 
phous silicon ?lm 207 is not perfectly crystalliZed. Hence, 
even after the heat treatment has been conducted, the crystal 
line silicon ?lm 205 and the amorphous silicon ?lm 207 can 
be made different in quality from each other. 

Then, as shoWn in FIG. 2D, the amorphous silicon ?lm 207 
is removed. In this embodiment, as the etchant of the amor 
phous silicon ?lm 207, hydraZine (N2H6) is used to conduct 
Wet etching. In case of using hydraZine as the etchant, etching 
rate of the amorphous silicon ?lm is higher than the etching 
rate of the crystalline silicon ?lm. 

Further, in this embodiment, because the silicon oxide ?lm 
206 Which is not etched With hydraZine (its etching rate is 
very loW, and it can be considered that etching is not con 
ducted) is formed on the crystalline silicon ?lm 205 as an 
etching stopper, the amorphous silicon ?lm 207 canbe readily 
selectively removed, and over-etching can be also sup 
pressed, resulting in an excellent reproducibility. It should be 
noted that amorphous silicon ?lm 207 can be also removed by 
dry etching With CIF3 gas. 

Then, the silicon oxide ?lm 206 is removed by buffer 
hydro?uoric acid or ?uorine nitrate, to thereby obtain a crys 
talline silicon ?lm 208 that enabled the content concentration 
of nickel elements to be loWered as shoWn in FIG. 2D. 
Although the nickel elements of about 5><l0l 8 are, as shoWn in 
FIG. 11, contained in the crystalline silicon ?lm 205, in the 
case Where the crystalline silicon ?lm 205 and the amorphous 
silicon ?lm 207 are made identical in thickness With each 
other, the concentration of nickel elements in the crystalline 
silicon ?lm 208 ?nally obtained can be set to about 3><l0l8 or 
less, that is, 1/2 or less in average, With the gettering process of 
this embodiment. 

Third Embodiment 

A third embodiment, in order to implement a process of 
diffusing metal elements at a temperature as high as possible, 
alloWs an amorphous silicon ?lm containing impurities 
therein to be crystalliZed in the diffusion process, although 
the metal elements are diffused at a temperature Where the 
amorphous silicon ?lm is prevented from being crystalliZed 
in the second embodiment. 

FIG. 3 shoWs a process of manufacturing a crystalline 
silicon ?lm in accordance With this embodiment. 

First, as shoWn in FIG. 3A, an underlayer ?lm 302 is 
formed on a Coming 1737 glass substrate 301 (a strain point 
667° C.) in order to prevent impurities or alkali ions from 
being diffused from the glass substrate 301 into a semicon 
ductor thin ?lm Which Will be formed later. In this embodi 
ment, a silicon oxynitride ?lm is formed as the underlayer 
?lm 302. 

Then, an amorphous silicon ?lm 303 is formed in thickness 
of 600 A through the loW pressure thermal CVD method. 

After the amorphous silicon ?lm 303 has been formed, a 
nickel acetate solution adjusted to a predetermined concen 
tration of nickel drops on the amorphous silicon ?lm 303 to 
form a Water ?lm 304. Then, spin coating is conducted using 
a spinner so that the nickel elements are held in contact With 
the surface of the amorphous silicon ?lm 303 in the Water ?lm 
304 (FIG. 3A). 

Subsequently, as shoWn in FIG. 3B, the heat treatment is 
conducted at a temperature of 450 to 650° C. Which is a strain 
point or loWer of the glass substrate to crystalliZe the amor 
phous silicon ?lm 303, thus obtaining a crystalline silicon 
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?lm 305. In this embodiment, the heat treatment is conducted 
at 6200 C. for 4 hours. The crystal growth is the vertical 
growth. 

After the crystalline silicon ?lm 305 is thus obtained, as 
shoWn in FIG. 3C, a silicon oxide ?lm 306 that functions as an 
etching stopper is formed in thickness of several tens to 100 A 
by irradiation of UV rays on the surface of the crystalline 
silicon ?lm 305 in the air. 

Thereafter, an amorphous silicon ?lm 307 containing oxy 
gen as impurities therein is formed in thickness of 600 A 
through the loW pres sure thermal CVD method. In this state, 
the concentration of nickel elements obtained through SIMS 
Was about 5><10l8 atoms cm'3 at the maximum in the crystal 
line silicon ?lm 305, and Was loWer than a measurement limit 
(1><10l7 atoms cm_3) of SIMS in the amorphous silicon ?lm 
307. 

In this embodiment, in order to capture more nickel ele 
ments into the amorphous silicon ?lm 307, taking the con 
centration of nickel elements in the crystalline silicon ?lm 
305 into consideration, the concentration of oxygen in the 
amorphous silicon ?lm 307 is set to 1><10l9 to 1><1021 atoms 
cm . 

After the formation of the amorphous silicon ?lm 307, as 
shoWn in FIG. 3D, a heat treatment is conducted. As a result, 
because the nickel elements in the crystalline silicon ?lm 305 
are diffused in the amorphous silicon ?lm 307 through the 
oxide ?lm 3 06, the concentration of the nickel elements in the 
crystalline silicon ?lm 305 can be loWered. 

Because the above process is made to diffuse nickel outside 
of the crystalline silicon ?lm 305, the loWer limit of the 
heating temperature is de?ned by a temperature at Which 
nickel can be diffused. Also, because the above gettering 
effect can be more obtained as the heating temperature is 
high, it is preferable that heating is conducted at a temperature 
as high as possible. Hence, the upper limit of the heating 
temperature is de?ned by the strain point or loWer of the 
substrate. In the actual process, the heat treatment may be 
conducted at 550 to 1,0500 C. With the above conditions being 
satis?ed. In this embodiment, the heat treatment is conducted 
at 6200 C. for 2 hours, taking the heat resistance of the glass 
substrate into consideration. 

In this embodiment, because the heating temperature is set 
as high as possible, the amorphous silicon ?lm 307 is caused 
to be crystallized due to the catalytic action of the nickel 
elements Which are diffused from the crystalline silicon ?lm 
305 With the result that the amorphous silicon ?lm is formed 
into a crystalline silicon ?lm. HoWever, because the crystal 
line silicon ?lm 307 contains oxygen With a high concentra 
tion such as 1019 to 1021 atoms cm_3, a large number of 
defects are formed inside of the crystalline silicon ?lm 307 
due to oxygen elements and act as a gettering sink. 

The crystalline silicon ?lm 308 containing the nickel ele 
ments With a high concentration therein is removed by Wet 
etching or dry etching. 

In order to remove the crystalline silicon ?lm 308, as an 
etchant and etching gas, What is high in the etching select ratio 
of the silicon ?lm to the oxide ?lm is used. For example, 
hydrazine (N 2H6) may be used as the etchant, and ClF3 gas 
may be used as the etching gas. In this situation, the silicon 
oxide ?lm 306 on the crystalline silicon ?lm 305 functions as 
an etching stopper. 

Further, because the crystalline silicon ?lm 308 contains 
oxygen With a high concentration such as 1019 to 1021 atoms 
cm_3, the quality of the crystalline silicon ?lm 305 is different 
from that of the crystalline silicon ?lm 308 through the silicon 
oxide ?lm 306. For that reason, in this embodiment, only the 
crystalline silicon ?lm 308 can be surely removed. 
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14 
Subsequently, the silicon oxide ?lm 306 is removed by 

buffer hydro?uoric acid or ?uorine nitrate, to thereby obtain 
a crystalline silicon ?lm 309 that enabled the content concen 
tration of nickel elements to be loWered as shoWn in FIG. 3E. 
The concentration of nickel elements in the crystalline silicon 
?lm 309 ?nally obtained can be more reduced as the amor 
phous silicon ?lm 307 into Which nickel is diffused is thick. 

In this embodiment, the crystalline silicon ?lm 305 Was 
substantially identical in thickness With the amorphous sili 
con ?lm 307. According to the results of measuring the dis 
tribution of the concentration of nickel elements in the crys 
talline silicon ?lm 309 through SIMS, the maximum value of 
the concentration Was 3><10l8 atoms cm_3. In other Words, 
after crystallization, as shoWn in FIG. 7, nickel of about 
5><10l8 atoms cm'3 at the largest exists in the crystalline 
silicon ?lm 305, but the mean concentration of nickel ele 
ments in the crystalline silicon ?lm 305 can be set to 1/2 or less 
by diffusing the nickel elements in the amorphous silicon ?lm 
308. 

Fourth Embodiment 

A fourth embodiment represents a process of manufactur 
ing a thin-?lm transistor using a crystalline silicon ?lm Which 
has groWn vertically and has been obtained through the manu 
facturing method described in the ?rst to third embodiments. 
FIG. 4 shoWs a process for manufacturing a thin-?lm transis 
tor in accordance With this embodiment. First, a crystalline 
silicon ?lm 403 is formed on a glass substrate 401 on Which 
an underlayer ?lm 402 has been formed using the method 
described in the ?rst to third embodiments (FIG. 4A). 

Subsequently, the crystalline silicon ?lm 403 thus obtained 
is patterned to form an active layer of the thin-?lm transistor. 
Then, a silicon oxide ?lm 405 that functions as a gate insu 
lating ?lm is formed in thickness of 1,000 A through the 
plasma CVD method or the loW pressure thermal CVD 
method (FIG. 4B). 

Thereafter, an aluminum ?lm containing scandium therein 
is formed in thickness of 6,000 A and then patterned, to 
thereby form a gate electrode indicated by reference numeral 
406. Then, anodization is conducted With the gate electrode 
406 as an anode in electrolyte, to thereby form an oxide layer 
407. The oxide layer 407 is set to 2,000 A in thickness. The 
thickness of the oxide layer 407 enables an offset region to be 
formed in a post-process. 

Further, impurity ions are injected into the active layer 404. 
In this example, phosphorus ions are injected as the impurity 
ions. During this process, the phosphorus ions are injected 
into regions 408 and 411. These regions 408 and 411 form 
source/drain regions. A region 409 forms an offset gate 
region. A region 410 forms a channel formation region. 

After the injection of the impurity ions has been completed, 
a laser light is irradiated onto those regions to activate injected 
ions and to anneal the source/drain regions 408 and 411 Which 
have been damaged during the injection of ions (FIG. 4C). 

Subsequently, a silicon oxide ?lm 412 is formed as an 
interlayer insulating ?lm, contact holes are formed, and a 
source electrode 413 and a drain electrode 414 are formed 
using aluminum. Finally, a heat treatment is conducted in a 
hydrogen atmosphere at 350° C. to complete a thin-?lm tran 
sistor (FIG. 4D). 

Fifth Embodiment 

A ?fth embodiment relates to a technique by Which nickel 
as metal elements that promote the crystallization of silicon is 
selectively introduced to obtain a crystalline silicon ?lm 
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Whose crystal has grown in a direction parallel to a substrate 
While the concentration of nickel in the crystalline silicon ?lm 
is loWered. 
As shoWn in FIG. 5, a silicon oxynitride ?lm is formed in 

thickness of 3,000 A on a glass substrate (Coming 1737) 501 
as an underlayer ?lm 502 through the sputtering method. 
Then, an amorphous silicon ?lm 503 is formed in thickness of 
500 A through the plasma CVD method or the loW pressure 
thermal CVD method. Thereafter, UV rays are irradiated onto 
the amorphous silicon ?lm 503 in an oxygen atmosphere to 
form a very thin oxide ?lm (not shoWn) on the surface of the 
amorphous silicon ?lm 503. The oxide ?lm 503 is disposed to 
improve the Wettability of solution during a subsequent solu 
tion coating process. 

Then, a mask 504 is formedusing a resist 504.A region 505 
exposed from the resist 504 is slit-shaped in a longitudinal 
direction vertical to the paper surface. 

Subsequently, a nickel acetate solution adjusted to a pre 
determined concentration of nickel drops on the amorphous 
silicon ?lm 503 to form a Water ?lm 506 (FIG. 5A). Further, 
spin coating is conducted using a spinner 500 so that the 
nickel elements in the Water ?lm 506 are held in contact With 
the region 505 on the amorphous silicon ?lm 503 through the 
oxide ?lm not shoWn. Then, as shoWn in FIG. 5B, the resist 
mask 504 is removed. 

Subsequently, a heat treatment is conducted in a nitrogen 
atmosphere containing hydrogen 3% at 6200 C. for 4 hours to 
crystalize the amorphous silicon ?lm 503. The nickel ele 
ments are diffused into the amorphous silicon ?lm 503 
through the oxide ?lm not shoWn from a state in Which the 
nickel elements are held in contact With the region 505 
through the oxide ?lm not shoWn. With the diffusion of the 
nickel elements, crystal groWth is progressed in a direction 
parallel to the substrate as indicated by an arroW 507, to 
thereby form a crystalline silicon ?lm 508. 

The crystal groWth is progressed in the form of a column or 
needle. In this embodiment, since the region 505 is slit 
shaped along a longitudinal direction from the front of the 
draWing toWard the back thereof, the crystal groWth indicated 
by the arroW 507 is progressed along substantially one direc 
tion. In this speci?cation, the crystal groWth in parallel to the 
substrate is called “lateral groWth”. The lateral groWth can be 
performed over several tens to 100 pm or more (FIG. 5B). 

In the amorphous silicon ?lm 503, the crystal groWth is the 
above vertical groWth in a region exposed by an opening 505. 
Hence, a lateral-growth region, a vertical-groWth region and 
an amorphous silicon region Where crystallization has not 
been progressed exist in the crystalline silicon ?lm 508. 

Because catalytic elements such as nickel have a tendency 
to concentrate on the tip portion of the crystal groWth, the 
concentration of the nickel elements is high in the end portion 
of the lateral groWth, that is, an interface betWeen the lateral 
groWth region and the amorphous silicon region, and the 
vertical groWth region in the crystalline silicon ?lm 508. 
Hence, the concentration of the nickel elements in the lateral 
groWth region is loWer than the vertical-groWth region, and 
further is loW in comparison With that of the crystalline silicon 
?lm Which has groWn vertically in the ?rst to third embodi 
ments. 

This embodiment is made to further loWer the concentra 
tion of the nickel elements in the lateral-growth region. 

After the crystalline silicon ?lm 508 has been obtained, an 
amorphous silicon ?lm 510 containing oxygen therein is 
formed in thickness of 1,000 A through the plasma CVD 
method and the loW pressure CVD method. It should be noted 
that the amorphous silicon ?lm 510 is formed so that the 
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16 
concentration of oxygen in the amorphous silicon ?lm 510 
becomes l><l0l9 to l><l021 atoms cm_3. 

Then, a heat treatment is conducted at 6000 C. for 4 hours, 
and the nickel elements in the crystalline silicon ?lm 508 are 
diffused in the amorphous silicon ?lm 510 through the oxide 
?lm 509. 

Thereafter, the amorphous silicon ?lm 510 is etched With 
ClF3 gas and removed. In this Way, a crystalline silicon ?lm 
511 having the concentration of nickel loWered as shoWn in 
FIG. 5D can be obtained. The crystalline silicon ?lm 511 is 
characterized in that it has the lateral-groWth region and the 
concentration of nickel in the ?lm is loW. 

It has been proved from the experiment that a distance of 
the lateral-groWth region can be extended more as the amount 
of nickel introduced in the region 505 is increased to some 
degree. HoWever, since an increase in the amount of intro 
duced nickel elements causes a factor of heightening the 
concentration of nickel in the crystalline silicon ?lm 511 
?nally obtained, it is not preferable. As the concentration of 
nickel in the ?lm is heightened (5><l0l9 atoms cm-3 or 
higher), problems such that the semiconductor characteristics 
of the silicon ?lm are lost, the operation of the thin-?lm 
transistor as manufactured becomes unstable, and the char 
acteristics are remarkably deteriorated are actualized. 

HoWever, as described in this embodiment, the removal of 
the nickel elements after the crystallization due to the lateral 
groWth has been completed can satisfy both of a demand for 
extending the distance of the crystal groWth laterally, and a 
demand for loWering the concentration of nickel (concentra 
tion of metal elements) particularly in the lateral-groWth 
region of the crystalline silicon ?lm 511 as obtained as much 
as possible. 

Sixth Embodiment 

In the ?fth embodiment, after the crystalline silicon ?lm 
Which has groWn laterally is obtained, the amorphous silicon 
?lm into Which nickel is diffused is restrained from being 
crystallized in loWering the concentration of nickel. In a sixth 
embodiment, the process for diffusing nickel is implemented 
at a temperature as high as possible, to thereby crystallize the 
amorphous silicon ?lm. 
As shoWn in FIG. 6A, a silicon oxynitride ?lm is formed in 

thickness of 3,000 A on a glass substrate (Coming 1737) 601 
as an underlayer ?lm 602 through the sputtering method. 
Then, an amorphous silicon ?lm 603 is formed in thickness of 
500 A through the plasma CVD method or the loW pressure 
thermal CVD method. Thereafter, UV rays are irradiated onto 
the amorphous silicon ?lm 603 in an oxygen atmosphere to 
form a very thin oxide ?lm (not shoWn) on the surface of the 
amorphous silicon ?lm 603. The oxide ?lm is disposed to 
improve the Wettability of solution during a subsequent solu 
tion coating process. 

Then, a silicon oxide ?lm is formed in thickness of 1,500 
A, and further a mask 604 With a slit-shaped opening 605 
having a longitudinal direction in a direction perpendicular to 
the paper surface is formed. It is proper that the Width of the 
opening 605 is set to 20 pm or more. The length of the opening 
605 along the longitudinal direction may be arbitrarily deter 
mined. 

Subsequently, a nickel acetate solution containing nickel of 
a predetermined concentration drops on the amorphous sili 
con ?lm 603 to form a Water ?lm 606. Further, spin coating is 
conducted using a spinner so that the nickel elements are held 
in contact With the amorphous silicon ?lm 603 exposed at the 
opening 605 through the oxide ?lm not shoWn. 












